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Abstract.—We compared epipelagic fish assemblages associated with juvenile (ocean-
age 0) Pacific salmon Oncorhynchus spp. from neritic waters of the California Cur-
rent and Alaska Current regions in the spring—summer and summer—fall periods of
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2000-2004. Catches originated from rope trawl surveys conducted between latitudes
37°N and 60°N and spanned more than 1,100 km in the coastal and inshore habitats
of each region. Catch data were used from the epipelagic sampling of waters from
near surface to depths of about 18 m, primarily over the continental shelf. Catch com-
position, frequency of occurrence, and density were evaluated between regions and
habitats for day sampling. Diel (night and day) catch comparisons were also made at
a few localities in each region. In day catches from both regions, a total of 1.69 mil-
lion fish and squid representing 52 fish families and 118 fish species were sampled
from 2,390 trawl hauls. Ninety-seven percent of the daytime catch was composed
of 11 fish families and squid in coastal and inshore habitats of each region: clupeids
dominated catches in the California Current (72% and 76% of catch, respectively),
and salmonids dominated catches in the Alaska Current (46% and 62% of catch,
respectively). Juveniles comprised 81-99% of salmon sampled in both coastal and
inshore habitats of each region. Frequencies of occurrence were highest for juvenile
salmon in both regions, but average densities were highest for Pacific herring Clupea
pallasii and Pacific sardine Sardinops sagax in the California Current region. Cluster
analyses revealed distinct geographic breakpoints in coastal species assemblages off
central Vancouver Island and in inshore species assemblages in southeastern Alaska.
Species were found to cluster into six groups from coastal localities and four groups
from inshore localities. Indicator species analysis and nonmetric multidimensional
scaling revealed that most species of juvenile salmonids were located in northern
localities. Although juvenile salmon had the most uniform distribution of any spe-
cies group, their densities relative to associated species were dramatically lower in
the California Current, suggesting a higher degree of interactions between juvenile
salmon and other species in this region. Diel comparisons in both regions indicated
substantially higher catches at night, particularly of clupeids, osmerids, and gadids.
Salmonids were a relatively minor component of the night catch in both regions due
to dramatic diel shifts in community structure. Additional study of diel interactions
of juvenile salmon and associated species is needed to quantify habitat utilization
dynamics in marine ecosystems.

Introduction

Understanding the dynamics of juvenile
(ocean-age 0) Pacific salmon Oncorhyn-
chus spp. in marine ecosystems along the
west coast of North America requires ad-
equate information about their association
with epipelagic fish assemblages in the
California Current and the Alaska Current.
Pacific salmon, a principal living marine
resource of the eastern Pacific Ocean, com-
prise important components of food webs
in ecosystems throughout their life history
from California to Alaska and provide a sig-
nificant socioeconomic and cultural benefit
throughout their range (NRC 1996; Schoon-

maker et al. 2003; Scheuerell and Williams
2005). In their initial ocean migration, juve-
nile salmon can migrate extensively across
broad geographic regions and potentially
interact with multiple fish communities dur-
ing their first summer at sea. For example,
some stocks of juvenile salmon originating
from the Columbia River basin migrate as
far as 1,500 km northward to Alaska shortly
after their first few months at sea (Orsi and
Jaenicke 1996; Orsi et al. 2000; Morris et al.
2007, this volume). Because the ocean dis-
tributions and biotic interactions of salmon
are partially predetermined by their migra-
tory routes, differences in the distribution of
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predators or in the structure of food chains
may be important factors in the dynamics
of salmon populations (Bottom et al. 2006).
Additionally, most studies on the ocean sur-
vival or production of salmon point to their
early ocean period as a time in which most
mortality occurs (Parker 1962; Bax 1983;
Pearcy 1992; Myers et al. 2000; Wertheimer
and Thrower 2007, this volume). Conse-
quently, comparing species assemblages
associated with juvenile salmon during this
critical period of ocean migration may pro-
vide a better understanding of how their
interactions among potential prey, competi-
tors, and predators differ between geograph-
ic regions within marine ecosystems.

The California Current (CC) and the
Alaska Current (AC) are major circula-
tion features along the west coast of North
America. These currents are formed as the
eastward North Pacific Current nears the
west coast of North America and bifurcates
into a southern (California) and a northern
(Alaska) branch. These branches comprise
two of three major marine fish production
domains of the northeast Pacific Ocean: (1)
the Coastal Upwelling Domain (southern
branch) from the northern tip of Vancouver
Island southward to Baja California (25—
50.5°N, 110°W), and (2) the Coastal Down-
welling Domain (northern branch) from
Queen Charlotte Sound northward along
the coast of southeastern Alaska and west-
ward along the Aleutian Islands (51-52°N,
170°W) (Ware and McFarlane 1989). Com-
parisons of fish assemblages associated with
juvenile salmon in epipelagic waters of the
CC and AC regions may provide insight into
the dynamics of these production domains.

In recent years, rope trawl surveys di-
rected at juvenile salmon have collected
large amounts of catch data in marine locali-
ties along the west coast of North America.
These coast-wide surveys, both national and
international in scope, have been principal-
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ly conducted by researchers affiliated with
the Canadian Department of Fisheries and
Oceans (CDFO), the North Pacific Anad-
romous Fish Commission, the U.S. Global
Ocean Ecosystem Dynamics (GLOBEC)
Program, and the U.S. National Marine
Fisheries Service (NMFS). These surveys
cover broad areas in the CC and AC regions
from California to Alaska. The marine fo-
cus of many of these surveys has been the
epipelagic waters of the open ocean, conti-
nental shelf (neritic), and inshore localities
along seaward migration corridors traversed
by juvenile salmon. Associated catch data
on species other than salmon from many of
these surveys are often unreported, de-em-
phasized, or reported within a limited geo-
graphic range (Orsi et al. 2000; Brodeur et
al. 2004).

The goal of this paper is to construct a
comprehensive picture of the species asso-
ciations and dynamics between and within
the CC and AC regions by comparing fish
assemblages associated with juvenile salm-
on over a 5-year period (2000-2004) in both
spring—summer and summer—fall periods.
Objectives of this paper are to compare fish
communities spatially and temporally, with
emphasis on catch composition, frequency
of occurrence, and densities (numbers per
km? or m?) of juvenile salmon and principal
associated fishes during day and to briefly
examine diel (day and night) effects on
catch.

Methods
Study Localities and Time Periods

Geographic localities and time periods in this
study were selected from the available sur-
face rope trawl catch data off the west coast
of North America over the years 2000-2004.
Associated fish catch data originated from
multiple studies, namely regional projects
directed at understanding mechanisms re-
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lated to juvenile salmon survival in their es-
tuarine and early marine life. Data from this
5-year period were compiled and partitioned
into two divisions based on their association
with the CC or AC regions (Table 1). Data
representing the CC region were collected
adjacent to the coasts of California, Oregon,
Washington, and southern British Columbia,
whereas data representing the AC region
were collected adjacent to the coast border-
ing the Gulf of Alaska. These two regional
divisions correspond to the Coastal Upwell-
ing Domain and Coastal Downwelling Do-
main described above (Ware and McFarlane
1989).

Within both the CC and AC regions, fur-
ther geographic divisions were made into
coastal and inshore localities. These divi-
sions enabled fish communities to be ex-
amined from two distinct habitats in each
region based on their exposure to the open
ocean. The coastal division represented lo-
calities within the northeast Pacific Ocean,
including the Gulf of Alaska. The inshore
division represented localities inland of the
ocean margin of the coastal land mass, in-
clusive of the numerous straits, sounds, and
large bays. These divisions were selected
because inshore waters are geographically
distinct and have more persistent estuarine
conditions. Within these coastal and inshore
divisions of each region, further geographic
partitioning was done for the spatial analy-
sis: five partitions in the CC region and two
in the AC region.

Data for this study were derived from
epipelagic sampling in neritic waters of
the CC and AC regions. Epipelagic sam-
pling was accomplished with rope trawls
that fished the water column from near the
surface to depths of about 18 m. The neritic
areas sampled were on the continental shelf,
generally over bottom depths averaging less
than 250 m. Sampling areas also included
sites with bottom depths to 500 m in cases
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where fjords were present, typically in in-
shore localities. The heads of fjords and em-
bayments were not included in the data set
because these sites were not represented in
each region and because rope trawls do not
effectively fish over shallow depths. Catch
data without accompanying bottom depth
information were not used. Thus, the scope
of this study was to compare epipelagic fish
assemblages in the neritic areas of the CC
and AC regions, in waters over the continen-
tal shelf, and not extending into areas over
abyssal or shallow embayment habitats.

From 2000 to 2004, data were pooled
across years and grouped into spring—sum-
mer (SS; May to July) and summer—fall (SF;
August to October) periods. The pooling
of data across years was necessary because
concurrent sampling did not occur within
the same year or seasonal period at each re-
gional locality. Sampling in SS and SF peri-
ods occurred in multiple years at most local-
ities within each region, with the exception
of San Francisco Bay, an inshore locality in
the CC region that was sampled only in the
SS period.

Data Collection and Processing the Catch

Temperature data were collected to examine
regional differences by locality and season.
These data were available from a portion
of the trawl hauls in all areas and seasons
of the study and were obtained from tem-
perature measurements from depths of 2—4
m. Data were collected using net-mounted
instruments, vessel thermosalinographs, or
conductivity-temperature-depth profilers.
Catches of juvenile salmon and asso-
ciated fish species and squid were sampled
with several types and sizes of surface trawls
in both the CC and AC regions. Surface
rope trawls were fished over various bottom
depths, using differing footrope depths, head-
rope widths, speeds, and durations. Trawling
methodology was determined based on par-
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ticular sampling project goals and objec-
tives. An example of the methodology used
for surface trawling is described in Murphy
etal. (1997). Specifications on average trawl
dimensions and fishing performance in each
region and locality are listed in Table 2.

Several criteria were used to select ap-
propriate trawl data for this study. Establish-
ing these criteria was necessary to adequate-
ly describe catch, to estimate surface trawl
area and volume sampled, and to encompass
appropriate geographic perimeters for each
sampling locality. Data from hauls were
used only if (1) complete enumeration and
identification were done of all the fish and
squid in the catch; (2) the trawl was fished
with the headrope near or at the surface; (3)
adequate descriptions were made of trawl
headrope width, footrope depth, speed, and
sampling duration; (4) bottom depth and
fishing coordinates were available; and (5)
data collection dates were included in the
study dates (May to October 2000-2004)
and were within the geographic perimeter
of a sampling locality (i.e., met the spatial
and temporal scheme of the study). Data not
meeting any of these criteria were excluded
from the analysis.

Positioning and biophysical data associ-
ated with trawling operations were compiled
once the appropriate trawl data were filtered
through the selection criteria. Physical data
with each haul were entered into a rela-
tional database and recoded with a unique
haul-catch identification number to be cross
referenced with associated catch data. The
core physical metrics for each trawl haul
included latitude and longitude position
(start or midpoint of each haul), date, time,
region (CC: California, Washington, British
Columbia, or AC: Alaska), primary habitat
type (coastal or inshore), secondary locality
within habitat type (five in CC and two in
AC), trawl speed (m/s), trawl duration (s),
trawl horizontal spread (m), trawl vertical
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spread (m), bottom depth (m), and 2—-4 m
temperature (and sensor depth).

Catch metrics of this study were restrict-
ed to the number and frequency of occur-
rence of fish species and squid. Life history
stage was only consistently available across
all localities in the CC and AC regions for
Oncorhynchus spp. Salmonids were there-
fore subdivided into two categories for
some comparisons: juvenile (fish in their
first ocean year, ocean-age 0) and immature-
adult (older immature and maturing fish in
their second ocean year or later, ocean-age
1+). Due to the varied marine life histories
of Chinook salmon O. tshawytscha, classifi-
cation between juvenile and older immature
fish was accomplished using size catego-
ries specific to each region: no attempt was
made to further partition juvenile Chinook
salmon into their two freshwater life history
types (Healey 1983; ocean-type [freshwa-
ter-age 0] or stream-type [freshwater-age
1]). Other life history stages, when available
for other genera, were grouped within spe-
cies. Larval fish were not included because
they were not quantitatively sampled by the
relatively large mesh sizes used in the cod
end liners of the trawls fished (e.g., 0.8-cm
mesh). Squid were the only invertebrate spe-
cies counted. In most cases, squid species
were grouped together into a squid catego-
ry; the only exception to this was for mar-
ket squid (also known as opalescent inshore
squid) Loligo opalescens where consistent
reporting enabled analysis at the species
level. Gelatinous species (i.e., ctenophores
and cnidarians) were not included because
of inconsistent record keeping and identi-
fication among data sets. Other incidental
nekton catches, such as marine mammals
and seabirds, were likewise not quantified.
Size (weight or length) information was not
consistently available across localities and
regions for individual species, so biomass
could not be calculated.
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Data Analysis

Catch in number and frequency of occur-
rence were examined from the trawl catch
data from each region. Initially, predominant
fish families and squid were summarized by
region (CC and AC) and habitat (coastal and
inshore). Catch of juveniles of each salmon
species was calculated by region, habitat,
and time period (SS and SF). To exam-
ine spatial differences in juvenile salmon
catch, the percentage represented by juve-
nile salmon and other dominant species was
examined by the seven regional localities in
both coastal and inshore waters. Frequency
of occurrence for juvenile salmon and other
important species was calculated by region,
habitat, and time period.

For regional comparisons of catch den-
sity, catches were standardized to the num-
bers of fish or squid captured per amount of
surface area swept (SAS) or total volume
sampled (TVS). The SAS (km?) was esti-
mated for each haul by multiplying the trawl
speed (T, in m/s) by the duration fished D,
in s) and the headrope width (HR  in m),
and dividing the sum by 10° (m?/km?) so that
SAS =(T, X D, X HR)) X 10-°. The TVS
(m®) was estimated for each haul by multi-
plying the trawl speed (T,) by the duration
fished (Df), the headrope width (HR ), and
the footrope depth (FR, in m) so that TVS
=T XD XHR XFR, Average T, over
the course of a haul was obtained from a
current meter, an acoustic Doppler current
profiler, or a global positioning system. For
hauls where T, was not available, average
speed was estimated from previous trawl
hauls or determined from average values
over the course of sampling where trawl
speed was measured. Generally, average
T, ranged from 1.1 to 2.6 m/s. Variation in
T, between trawls was not assumed to af-
fect catchability or catch composition. The
D was the time between when the trawl and
doors were deployed in full fishing position
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and the time when the winches began to haul
back the main warp lines. Average D, was
20-30 min. Catches were assumed to be
negligible during deployment and retrieval.
The HR  was the spread between the wing
tips along the headrope of the trawl and was
either recorded with mensuration gear on-
board or estimated from previous trawl per-
formance data. Generally, average HR  was
24-40 m. The FR, was the depth between
the headrope and the footrope of the trawl
and was determined the same way HR
was. Generally, average FR, was 11-18 m.
A smaller surface trawl was used to collect
data from one locality and season in the CC
(San Francisco Bay in the SS period); the
dimensions of this trawl were HR = 6.0 m
and FR , = 3.1 m. Catchability was assumed
to be similar among vessels and trawls used
to summarize fish assemblages.

Most sampling was during daytime hours,
but a limited set of night hauls was available
to compare with day hauls to determine pos-
sible diel (day and night) differences. Day-
time sampling was between 0630 and 2130
hours, whereas night sampling was between
2140 and 0500 hours Diel comparisons were
accomplished by matching data sets with diel
sampling at the same locality, with the same
vessel, and within approximately the same
24-h time period. Only matched day and
night sampling sets with two or more hauls
per 24-h period were used in these compari-
sons (i.e., six data sets, two in the CC region
and four in the AC region).

For diel comparisons in the CC region,
two coastal localities were examined for dif-
ferences in catch composition, one in sum-
mer of 2002 and another in fall of 2002. The
summer diel sampling was conducted on
the Newport Hydroline transect (44.650°N,
124.182°W) in June, whereas, the fall diel
sampling was conducted on the Heceta Head
transect (44.000°N, 124.399°W) in August.

For diel comparisons in the AC region,
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one coastal locality and one inshore local-
ity were examined. The coastal locality was
examined using data collected on the GAK
transect line in the western Gulf of Alaska
in July 2001 (59.536°N, 149.170°W) and
2002 (59.699°N, 149.330°W). The inshore
locality was examined using data collected
on the Icy Strait transect line (station ISC;
58.260°N, 135.440°W) in June—July and
August—September 2001.

Community Analyses

To analyze the epipelagic nekton community
structure, we performed cluster analysis, in-
dicator species analysis (Dufréne and Legen-
dre 1997), and nonmetric multidimensional
scaling (NMS; Kruskal 1964) using PC-
ORD version 4.28 software! (McCune and
Mefford 1999). Prior to analysis of sample
units in species space, hauls with no catches
were removed from the data set. Catch den-
sity data (catch X m™) were log,(x + 1)-
transformed to normalize a strongly skewed
distribution.

An agglomerative hierarchical cluster
analysis with Sgrensen (Bray-Curtis) distance

! Reference to trade names does not imply endorse-
ment by the National Marine Fisheries Service,
NOAA.
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measure and flexible beta linkage method (3 =
—0.25) was conducted on species abundances.
Two sets of cluster analyses were performed.
The first, conducted to examine which lo-
calities resemble each other in terms of their
species composition, examined a localities-
by-species matrix of all species for each sea-
sonal period (SS and SF) and habitat (coastal
and inshore) for a total of four matrices (Table
3). Because some species have a northern or
southern distribution, all species were includ-
ed in this set of analysis so that localities with
similar species composition would cluster to-
gether. Species abundances were averaged for
each locality. The second set of cluster analy-
ses examined a species-by-hauls matrix for
each seasonal period and habitat (Table 3). To
reduce the effects of rare species and to use
species common to all localities for compari-
son between regions, species with a frequency
of occurrence of less than 5% of hauls were
removed. In the SS period and coastal habi-
tat, unidentified rockfish Sebastes spp. had a
frequency of occurrence of greater than 5%;
however, they were excluded because other
rockfish that were identified to species had a
frequency of occurrence of less than 5%. For
subsequent multivariate analysis that examined
the nekton community and complementary en-
vironmental data, only hauls with temperature

Table 3. Sizes of matrices used in the multivariate analyses of region and species assemblages in the
coastal and inshore localities of the California Gurrent and the Alaska Current along the west coast of
North America, spring—summer (SS, May-July) and summer—fall (SF, August-October) 2000-2004.

Cluster Time period Habitat Matrix

Locality SS Coastal 7 localities X 103 species
SF Coastal 7 localities X 95 species
SS Inshore 7 localities X 77 species
SF Inshore 6 localities X 51 species

Species SS Coastal 24 species X 647 hauls
SF Coastal 24 species X 488 hauls
SS Inshore 21 species X 455 hauls
SF Inshore 16 species X 403 hauls
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data were used. In community analysis, rela-
tivization is recommended to equalize vari-
ables with different units by expressing them
as a proportion of totals or maximum (Mc-
Cune and Grace 2002). Because trawl speed,
duration fished, and trawl mouth dimensions
affect catches, the log-transformed abundance
data were relativized by species totals across
all hauls to equalize species abundance among
hauls. The final matrices express species abun-
dance in a haul proportional to the total catch
of this species in all hauls. The resulting den-
drograms were cut to identify cluster groups
that are ecologically interpretable for the cur-
rent systems and localities being examined
and for the life habits of species.

Indicator species analysis was run to iden-
tify which species best represent a locality. For
each species, indicator values (IV) were com-
puted for each locality by calculating the pro-
portion of its abundance in a locality relative
to its total abundance at all localities and the
proportion of its frequency of occurrence in a
locality relative to its total frequency of occur-
rence at all localities. The IV ranged from 0%
to 100%, and a species observed in all hauls
within a locality had an IV of 100%. A species
maximum IV (IV_ ) and the locality where
this occurred were identified. To test the statis-
tical significance of IV __, a Monte Carlo ran-
domization with 1,000 runs was performed.

Nonmetric multidimensional scaling was
chosen as the ordination technique to further
examine the community structure and relate it
to environmental gradients. Distances between
points were computed with a Sgrensen (Bray-
Curtis) distance measure. For this analysis,
transposed versions of the species-by-hauls
matrices used in cluster analysis formed the
main matrices. Abundances were not relativ-
ized. Temperature (°C), bottom depth (m),
and latitude (decimal degree) were the vari-
ables used in complementary environmental
data matrices. Initially, NMS was processed
through 400 maximum iterations, 40 real runs,
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and 50 randomized runs (McCune and Grace
2002). The decrease in stress with the addition
of each ordination axis was examined, and
selection of a three-dimensional solution was
based upon stress reductions becoming small
(Legendre and Legendre 1998; McCune and
Grace 2002). This dimension is appropriate
for explaining variation in the original data.
The final ordination was then generated on
that dimension and the best starting configura-
tion. The ordination axes were rotated to max-
imize the correlation of latitude with one of
the axes. In addition, environmental variables
were overlaid as vectors on the ordination
plots. The strength and direction of the vectors
were determined by Pearson and Kendall cor-
relations. To explain the percent of variation
in the original multidimensional space, coef-
ficients of determination (r*) were computed
for each axis.

Results
Environmental Variables

Temperature at 2—4 m was available from 8§89%
of the trawl hauls for a total 2,116 temperature
records (Table 4). Over the course of the study,
temperature averages ranged from 9.5°C to
15.6°C, and were warmest and most variable in
inshore localities of the CC and coolest in the
inshore localities of the AC. For coastal locali-
ties, SS and SF temperatures averaged 12.2°C
and 12.0°C in the CC and 12.8°C and 13.3°C
in the AC. For inshore localities, SS and SF
temperatures averaged 14.4°C and 12.1°C in
the CC, and 12.2°C and 11.6°C in the AC.

Catch Data

In both current systems combined, neritic fish
assemblages were examined from a total of
1,372 hauls from coastal sampling and 1,018
hauls from inshore sampling (Table 1). The
approximate along-shelf distribution of hauls
in each region spanned more than 1,400 km
in the CC and more than 1,100 km in the AC



115

EPIPELAGIC FISH ASSEMBLAGES ASSOCIATED WITH JUVENILE PACIFIC SALMON

6'¢ (T 911 171 6'¢ (10) ¢TI G81 ageIoAe DV

0 (1'0) ¥'¥1 6 0T #'0) 9°¢1 01 1eng angejuoN

(0h% (90 +'11 (43 (0% (S0 Tl LI eng Aof QW) eisery
(0h% (10) 1°C1 S9T (0% (1'0) ¥'¥1 9LT ageraAe DD

(0h% (T S6 61 (0% (1'0) 86 S eNS 9NOLIRYD) UINQ)

(0h% (#'0) LTI 81 (0% (9°0) 9761 €€l 181000 Jo 1eng

(0h% (T0) 86 8¢ (0% (T0) 901 T BN, 9P UBN[ JO IS

(0h% (To) 81 9T (0% (€0) 0°¢I I punog 103nd

- - - (0% (€0) T¥I €01 Keg 0dsouRL] UBS (DD) eruroje)

SANI[BOO[ AIOYSU[

L't (To) €€l 66 e (10) 8°CI 181 a3eroAe DV

0 (#'0) €€1 0L 0C #'0) 0°€l LT1 SV JO JIND WIS

(0h% (L0) g€l 6C 0 (€0 91 9 SV JO JInD urdseq (QV) eysery
€¢ (1'0) 0TI 8Tt €€ (1o) zel 8749 a3eroAe DD

v'e (€0) 601 LT 0t (r'0) Tol L1 PUB[S] JOANOOUBA MN

v'e (S0) 811 €€ 9¢ #'0) 611 09 PUR[S] JOANOJUBA MS

0¢ t'0) vel 08 0¢ #'0) 6CI LTl uoIBuTySeA

0°¢ (§°0) 801 LLT 0¢ (€0 611 L¥T uo3a10

0t #'0) T€l Il 0 (YOR 44! 06 BIUIOJITeD) (DD) erurojE)

SANI[BIO] [BISBOD)

pdag (gs) duag, N pdag (4s) duwag, N Ayredo] [euorSey L)

[[ej—Iowrng

Jowwns—3urdg

"uwinjod yidaq ayi Japun umoys ale sbuipeas ainjesadwsl Jo syidap abelany +002—0002
(19qo1090-1snbNnYy) |lRI=Iawwns pue (Anp—Aepy) Jowwns—bulids “ealawy YLOoN J0 1Se09 1Sam a3} Buoje (9y) 1uaLing eysely syl pue (99) 1uaiing eiuioyen
9y} JO Sa11I[e20]| 810YSUl pue [e1Sse0d Ul Aep Bulinp paysi) s|ney |mel} 80eLINS YIM Paleioosse (3S) 10448 paepuels pue sBuipes. ainjesadwa) abesany {7 o|qel



116

(Figures 1 and 2). A distance of 850 km sepa-
rated the sampling localities in these two re-
gions. In daytime catches in both regions, a
total of 1.69 million fish and squid represent-
ing 52 fish families and 118 fish species were
collected from the 2,390 trawl hauls (231 km?
surface area swept and 3.3 X 10° m® volume
fished) (Table 5; Appendix A). Eleven fish
families and squid comprised 97% of the day
catch in the coastal and inshore habitats of
each region. Predominant families in the total
catch of coastal and inshore localities of each
region were Clupeidae in the CC (72% and
76% of catch, respectively) and Salmonidae in
the AC (46% and 62% of catch, respectively)
(Figure 3).

Juvenile salmon represented 81-99% of
the salmonid catch in inshore and coastal lo-
calities of the CC and the AC regions in the
SS and SF periods (Table 6). However, in
terms of percentage of the total catch, juve-
nile salmon collectively comprised a much
lower percentage of the overall catch in the
CC region (2-13%) compared to the AC re-
gion (35-83%). When examined by regional
locality, the percentage composition of juve-
nile salmon relative to other species was low-
est in coastal localities, particularly in the CC
(Figure 4).

Frequency of occurrence (FO) was greater
than 10% of the catch for 25 fish species and
1 squid species in SS or SF periods in the CC
and AC regions (Table 7). A prominent spa-
tial and temporal pattern in both regions was
the universally high FO for all five species of
juvenile salmon (Figure 5). Juvenile Chinook
salmon FO was highest in inshore localities of
both regions, but higher in the CC region than
the AC region. The FOs for other salmonids
were generally highest in the AC region.

Highest average fish densities were ob-
served for Pacific herring Clupea pallasii,
Pacific sardine Sardinops sagax, and north-
ern anchovy Engraulis mordax in the CC
region (Tables 8 and 9). Densities for these
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species exceed 1,000 fish/km? and 200 fish/
m? X 10° in one or more seasonal periods
in the CC region. However, the proportion
of juvenile salmon densities relative to as-
sociated species was dramatically lower in
the CC region than in the AC region. Most
species of juvenile salmon had higher aver-
age densities in the AC region, particularly
pink salmon O. gorbuscha, chum salmon O.
keta, and sockeye salmon O. nerka; howev-
er, densities of Chinook salmon were higher
in the CC region (Figures 6 and 7).

Diel comparisons of community struc-
ture indicated dramatic changes between day
and night catches in both the CC and the AC
regions (Tables 10-12). All six comparisons
indicated substantially higher total catches at
night, in most cases by an order of magni-
tude (Figure 8). Higher night catches were
particularly evident with clupeids, gadids,
and osmerids. There was not a consistent day
and night pattern of catches for salmonids,
although for juvenile salmon, there was a
tendency for higher night catches in the CC
region and higher day catches in the AC re-
gion (Figure 8).

Community Analyses

To identify ecologically interpretable cluster
groups, the locality cluster dendrograms were
cut at 25% of information. This produced two
cluster groups in all four dendrograms (Fig-
ures 9-12). In the coastal habitat, the group
separation was between northwestern and
southwestern Vancouver Island for both time
periods (Figures 9 and 10). In the inshore hab-
itat, the cluster group separation was between
Icy Strait and Queen Charlotte Strait (Figures
11 and 12).

The species cluster dendrograms were
cut at 35% and 30% of information remain-
ing for the coastal and inshore habitats, re-
spectively. In the coastal habitat, the 35%
cutoff resulted in six cluster groups (A to F)
for the SS and SF periods (Figures 13 and
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Figure 1. Coastal localities sampled for epipelagic fish and squid using surface trawls in the neritic waters
of the California Current (northwest Vancouver Island and south) and the Alaska Current (eastern Gulf of
Alaska and north) during daylight hours, May—October 2000-2004. Dotted line denotes the 200-m depth
contour of the continental shelf margin.
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Figure 2. Inshore localities sampled for epipelagic fish and squid using surface trawls in the neritic waters
of the California Current (Queen Charlotte Strait and south) and the Alaska Current (Icy Strait and north)

during daylight hours, May—October 2000-2004. Dotted line denotes the 200-m depth contour of the
continental shelf margin.
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Figure 3. Principal composition of epipelagic fish families and squid captured in the California Current
(a) and the Alaska Gurrent (b) using surface trawls in neritic coastal and inshore waters along the west

coast of North America during daylight hours, May—October 2000-2004. The 11 fish families and squid
represent 97% of the total catch in each current system.
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Table 6. Percentage of catch represented by juvenile and immature-adult salmon species from day catch-
es of neritic fishes and squid sampled in coastal and inshore localities of the California Current and the
Alaska Gurrent along the west coast of North America, spring—summer (SS, May—-July) and summer—fall
(SF, August—October) 2000-2004. A dash indicates an absence of catch.

California Current Alaska Current

Coastal Inshore Coastal Inshore
Species SS SF SS SF SS SF SS SF

Juvenile salmon
Pink salmon 02 05 2.8 2.7 295 17.3 38.7 142
Chum salmon 04 0.1 5.1 5.5 99 56 360 4.7
Sockeye salmon 02 01 03 08 59 89 43 2.0
Coho salmon O. kisutch 06 06 24 20 45 32 4.1 1.9
Chinook salmon 0.7 0.6 1.8 1.5 0.0 0.0 0.2 1.0
Steelhead O. mykiss 00 00 00 - 0.0 - - -
Juvenile total 21 1.8 125 125 498 350 83.3 238
(% of total salmon) 81) (86) (99) (98) @&7) O4) (99 (98)

Immature and adult salmon

Pink salmon 00 00 00 0.1 28 0.8 0.3 0.1
Chum salmon 00 00 - 0.0 29 0.7 0.1 0.0
Sockeye salmon 00 00 00 0.0 09 03 00 -
Coho salmon 02 0.1 00 0.0 06 03 0.1 0.2
Chinook salmon 02 0.1 0.0 0.0 05 0.2 0.3 0.2
Steelhead 00 0.0 - - 00 - - -
Immature-adult total 05 03 0.1 0.2 77 23 0.7 0.5

All other species
All other species 974 979 874 873 425 6277 16.0 75.7
Total 100 100 100 100 100 100 100 100

14). In the SS time period, Chinook salmon
and coho salmon were associated with mar-
ket squid in cluster E (Figure 13). Salmo-
nids were indicator species of southwestern
Vancouver Island and Washington, whereas
market squid was an indicator species of
Oregon. Pink salmon, chum salmon, and
sockeye salmon were associated with wall-
eye pollock and prowfish in cluster F. Most
species in this cluster were indicative of the
western Gulf of Alaska. Although this group
also includes spiny dogfish Squalus acanth-
ias, abundances of other species in the clus-

ter were higher in the AC than in the CC. Pa-
cific sand lance Ammodytes hexapterus was
in its own cluster A and was a nonsignifi-
cant indicator species of the eastern Gulf of
Alaska. Sablefish Anoplopoma fimbria and
juvenile steelhead were grouped into cluster
B. Sablefish was a nonsignificant indicator
species of the western Gulf of Alaska. Ju-
venile steelhead was a weak, but significant
indicator species of Washington. Wolf-eel
Anarrhichthys ocellatus, Pacific tomcod
Microgadus proximus, Pacific sardine, and
jack mackerel Trachurus symmetricus were
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Figure 4. Catch composition by regional locality of juvenile salmon and dominant fish species and squid
in the coastal waters (a) of the California Current (California, Oregon, Washington, southwestern Van-
couver Island, northwestern Vancouver Island) and the Alaska Current (eastern Gulf of Alaska, western
Gulf of Alaska), and inshore waters (b) of the California Current (San Francisco Bay, Puget Sound, Strait
of Juan de Fuca, Strait of Georgia, Queen Charlotte Strait) and the Alaska Current (Icy Strait, Montague
Strait) from May to October 2000-2004.
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Table 7. Frequency of occurrence (FO, %) of neritic species occurring in =10% of day catches in coastal
and inshore localities of the California Current and the Alaska Current along the west coast of North America,
spring—summer (SS, May—July) and summer—fall (SF, August-October) 2000-2004. For salmon species,
the FO is shown initially for all life history types combined (i.e., juvenile, immature, and adult), and is shown
below by juvenile salmon alone.

California Current Alaska Current
Coastal Inshore Coastal Inshore

Species SS SF SS SF SS SF SS SF
Northern spearnose poacher

Agonopsis vulsa 0 0 18 1 0 0 0 0
Pacific sand lance 0 9 6 12 9 1 0
Wolf-eel 11 7 19 3 3 4 5 3
Sablefish 6 4 3 0 11 11 0 0
Jacksmelt Atherinopsis

californiensis 6 7 21 0 0 0 0 0
Crested sculpin Blepsias bilobus 0 0 0 0 2 4 46 56
Pacific herring 22 25 70 38 14 15 8 9
Northern anchovy 11 13 21 1 0 0 0 0
Medusafish Icichthys lockingtoni 5 16 0 0 0 0 0 0
River lamprey Lampetra ayresii 0 0 32 11 0 0 0 0
Market squid 27 25 2 0 0 0 0 0
Capelin Mallotus villosus 0 0 0 0 5 10 2 3
Pink salmon 5 9 42 58 82 82 74 85
Chum salmon 19 10 54 88 80 79 77 66
Coho salmon 48 38 60 88 67 61 73 60
Steelhead 9 3 1 0 1 0 0 0
Sockeye salmon 11 5 45 42 72 68 68 50
Chinook salmon 57 49 85 78 34 16 45 43
Pacific pompano Peprilus

simillimus 3 6 15 0 0 0 0 0
Soft sculpin Psychrolutes

sigalutes 0 0 1 0 2 4 3 23
Pacific sardine 20 19 8 0 0 0 0 0
Spiny dogfish 9 4 34 10 50 19 0 0
Walleye pollock Theragra

chalcogramma 2 1 4 3 26 23 50 26
Jack mackerel 9 14 0 0 0 0 0 0
Pacific sandfish Trichodon

trichodon 2 1 4 2 2 13 3 1
Prowfish Zaprora silenus 1 1 0 0 30 23 15 17

Juvenile salmon only

Pink salmon 3 6 40 50 64 69 66 83
Chum salmon 17 9 54 86 58 66 76 66
Coho salmon 41 32 58 86 53 56 71 56
Steelhead 7 3 1 0 1 0 0 0
Sockeye salmon 8 4 43 41 62 63 68 50

Chinook salmon 44 38 84 77 4 1 23 33
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Table 8. Average densities (numbers/km?) of dominant neritic fish and squid species in day catches
in coastal and inshore localities of the California Current and the Alaska Current along the west coast
of North America, spring—summer (SS, May—July) and summer—fall (SF, August-October) 2000-2004.
Species shown other than salmon had densities = 250/km? in at least one time period/locality/current

stratum.
California Current Alaska Current
Coastal Inshore Coastal Inshore

Species SS SF SS SF SS SF SS SF
Pacific herring 4,038 1,321 11,731 5,423 9 319 17 9
Northern anchovy 1,333 371 1,796 0 0 0 0 0
Threespine stickleback

Gasterosteus aculeatus 0 0 12 614 0 382 0 0
Market squid 414 527 0 0 0 0 0 0
Capelin 0 0 0 0 124 354 0 8
Pink salmon 13 33 435 198 424 584 1,595 334
Chum salmon 31 10 802 385 169 205 1,463 109
Coho salmon 67 45 389 140 67 113 168 49
Sockeye salmon 19 5 56 59 88 296 175 48
Chinook salmon 72 48 293 107 7 7 22 26
Steelhead 2 1 0 0 0 0 0 0
Pacific sardine 1,275 4,012 5 0 0 0 0 0
Spiny dogfish 189 34 89 34 287 43 0 0
Walleye pollock 4 0 1 1 48 118 592 1,558
Pacific sandfish 1 0 1 0 3 616 1 0

Juvenile salmon only

Pink salmon 12 31 434 192 388 559 1,570 332
Chum salmon 31 10 802 383 130 182 1,460 109
Coho salmon 50 38 382 137 59 105 165 45
Sockeye salmon 17 5 55 58 77 286 174 48
Chinook salmon 53 39 291 105 0 0 8 2
Steelhead 2 0 0 0 0 0 0 0

grouped into cluster C and were indicative of
California and southwestern Vancouver Is-
land. Pacific herring, surf smelt Hypomesus
pretiosus, and northern anchovy comprised
cluster D. Pacific herring and northern an-
chovy were significant indicator species of
California, whereas surf smelt was a nonsig-
nificant indicator species of Washington.

In the SF time period for coastal habi-
tat, juvenile Chinook salmon were associ-
ated with Pacific herring and market squid
in cluster A (Figure 14). Although they had
weaker associations, additional species in

this cluster were wolf-eel, jacksmelt, me-
dusafish, and Pacific tomcod. Species in this
cluster were indicative of several localities,
and jacksmelt and medusafish were moder-
ate indicator species of California. Imma-
ture-adult pink salmon, chum salmon, and
sockeye salmon were associated with wall-
eye pollock and prowfish in cluster D. Im-
mature-adult chum salmon were indicative
of the eastern Gulf of Alaska, whereas other
species in this cluster were indicative of the
western Gulf of Alaska. Juvenile pink salm-
on, chum salmon, and sockeye salmon were
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Table 9. Average densities (numbers/m?3 X 108) of dominant neritic fish and squid species in day catches
in coastal and inshore localities of the California Current and the Alaska Current along the west coast
of North America, spring—summer (SS, May—July) and summer—fall (SF, August-October) 2000-2004.
Species shown other than salmon had overall densities = 1 X m3 x10-5.

California Current Alaska Current
Coastal Inshore Coastal Inshore

Species SS SF SS SF SS SF SS SF
Whitebait smelt Allosmerus

elongatus 7.0 0.7 04 02 0.0 0.0 0.0 0.0
Pacific sand lance 0.6 0.0 04 1.8 1.0 62 00 0.0
Jacksmelt 6.0 119 635 0.0 00 00 00 0.0
Pacific herring 264.8 91.9 4,969.2 452.2 09 101 09 05
Pacific saury Cololabis saira 0.1 29 0.0 0.0 00 01 00 00
Northern anchovy 759 23.37,871.9 0.0 00 0.0 0.0 0.0
Threespine stickleback 0.0 0.0 0.7 524 0.0 286 0.0 0.0
Kelp greenling Hexagrammos

decagrammus 0.0 0.0 73 0.0 0.0 0.0 0.0 0.0
Surf smelt 6.6 3.8 0.5 0.0 00 00 00 0.0
Market squid 33.6 38.6 2.1 0.0 00 00 00 0.0
Capelin 0.0 0.0 0.0 0.0 6.8 148 00 0.6
Pink salmon 07 21 264 159 314 305 895 188
Chum salmon 1.8 06 531 323 145 105 820 64
Coho salmon 39 23 239 116 44 51 92 29
Sockeye salmon 1.0 03 34 45 5.8 164 98 2.6
Chinook salmon 43 27 1186 9.6 05 03 1.2 1.6
Steelhead 02 0.0 02 0.0 06 04 00 0.0
Pacific pompano 05 07 967 0.0 00 00 00 0.0
Soft sculpin 0.0 0.0 0.0 0.0 00 0.1 0.0 8.3
Pacific sardine 72.5238.5 168 0.0 00 00 00 0.0
Spiny dogfish 83 42 5.1 28 171 32 00 00
Walleye pollock 0.2 0.0 0.1 0.1 32 54 325 998
Jack mackerel 1.2 1.8 0.0 0.0 0.0 00 00 0.0
Pacific sandfish 0.0 0.0 0.1 0.0 0.1 268 0.1 0.0

Juvenile salmon only

Pink salmon 07 20 263 154 29.0 294 88.8 18.7
Chum salmon 1.8 0.5 531 321 123 96 819 64
Coho salmon 30 2.0 235 114 39 47 9l 2.6
Sockeye salmon 09 02 34 44 5.2 16.1 9.8 2.6
Chinook salmon 31 22 1185 94 0.1 00 05 1.3
Steelhead 0.1 0.0 02 0.0 00 00 00 0.0

associated with spiny dogfish in cluster E.
The salmonids were moderate indicator spe-
cies of the western Gulf of Alaska, whereas
spiny dogfish was a weak, but significant

indicator species of the eastern Gulf of
Alaska. Coho salmon were associated with
immature-adult Chinook salmon in cluster
F, which is indicative of southwestern Van-
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Figure 6. Relative average densities of juvenile salmon species to dominant fish and squid species in the
coastal waters of the California Current (a) and the Alaska Current (b) captured using surface trawls in ne-
ritic waters along the west coast of North America during daylight hours, spring—summer (SS, May—-July)
and summer—fall (SF, August-October) 2000-2004. Note differences in scales between a and b.
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Figure 7. Relative average densities of juvenile salmon species to dominant fish and squid species in
the inshore waters of the California Current (a) and the Alaska Current (b) captured using surface trawls
in neritic waters along the west coast of North America during daylight hours, spring—summer (SS,
May-July) and summer—fall (SF, August-October) 2000-2004. Note differences between a and b.
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Table 10. Diel catches of neritic fishes and squid by family group from repetitive rope trawl sampling at
two coastal localities in the California Current, June and August 2002. Total km? is the surface area swept
by the trawls. Total volume sampled (m3) = total km2 X 18 m X 108.

Day rope trawls
(08511858 hours)

Night rope trawls
(2235-0301 hours)

Total Total Total Catch per Total Total Total Catch per
Family hauls km?> catch  km? hauls km?> catch  km?
Newport Hydroline (44.650°N, 124.182°W), June 7-8, 2002
Anarhichadidae 3 0.267 1 4 2 0175 0 0
Bothidae 3 0.267 0 0 2 0175 2 11
Clupeidae 3 0.267 2 7 2 0175 188 1,074
Engraulidae 3 0.267 0 0 2 0175 19 109
Gadidae 3 0.267 0 0 2 0175 3 17
Osmeridae 3 0.267 0 0 2 0175 585 3,343
Salmonidae 3 0.267 20 75 2 0175 9 51
Squid 3 0.267 124 464 2 0175 121 691
Stromateidae 3 0.267 0 0 2 0.175 1 6
Total 147 551 928 5,303
Heceta Head (44.000°N, 124.399°W), August, 7-8 2002
Anoplopomatidae 3 0.276 0 0 2 0.181 1 6
Bothidae 3 0.276 0 0 2 0.181 32 177
Carangidae 3 0.276 1 4 2 0.181 5 28
Carcharhinidae 3 0.276 2 7 2 0.181 0 0
Clupeidae 3 0.276 963 3,489 2 0.181 2,588 14,298
Engraulidae 3 0.276 4 14 2 0.181 13 72
Merlucciidae 3 0.276 0 0 2 0181 270 1,492
Osmeridae 3 0.276 0 0 2 0.181 12 66
Petromyzontidae 3 0.276 0 0 2 0.181 1 6
Salmonidae 3 0276 10 36 2 0.181 11 61
Squalidae 3 0.276 0 0 2 0.181 2 11
Squid 3 0276 55 199 2 0181 143 790
Total 1,035 3,750 3,078 17,006

couver Island. Sablefish and Pacific saury
were grouped into cluster B and were non-
significant indicator species of the eastern
Gulf of Alaska and California, respectively.
Northern anchovy, Pacific sardine, and jack
mackerel were grouped into cluster C. In
this cluster, Pacific sardine were indicative
of Washington, jack mackerel were indica-
tive of Oregon, and northern anchovy were
indicative of California.

In the inshore habitat, the 30% cutoff

resulted in four cluster groups (A to D) in
the SS and SF time periods (Figures 15 and
16). In the SS time period, juvenile pink
salmon, chum salmon, sockeye salmon,
and coho salmon were associated with each
other in cluster B (Figure 15). In this clus-
ter, juvenile pink salmon were indicative of
Montague Strait, juvenile chum salmon and
sockeye salmon were indicative of Queen
Charlotte Strait, and juvenile coho salmon
were indicative of Strait of Georgia. Imma-
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Table 11. Diel catches of neritic fishes and squid by family group from repetitive rope trawl sampling at
one inshore locality in the Alaska Current, summer (June—July) and summer—fall (August—September)
2001. Total km? is the surface area swept by the trawls. Total volume sampled (m?®) = total km2 X 18 m

X 108,

Day rope trawls

(0700-1935 hours)

Night rope trawls
(2143-0430 hours)

Total Total Total Catch per Total Total Total Catch per

Family hauls km? catch km? hauls km?  catch km?
Icy Strait (58.260°N, 135.440°W), June 29-30 and July 30-31, 2001
Clupeidae 13 0.540 2 4 4 0.175 1 6
Cyclopteridae 13 0.540 1 2 4 0.175 0 0
Gadidae 13 0.540 12 22 4 0.175 3,291 18,860
Hemitripteridae 13 0.540 11 20 4 0.175 1 6
Osmeridae 13 0.540 1 2 4 0.175 918 5,261
Salmonidae 13 0540 1,123 2,082 4 0.175 115 659
Squid 13 0.540 0 0 4 0.175 7 40
Zaproridae 13 0.540 1 2 4 0.175 0 0
Total 1,151 2,133 4,333 24,831
Icy Strait (58.260°N, 135.440°W), August 28-30 and September 29-30, 2001

Agonidae 12 0.498 1 2 4 0.166 0 0
Anarhichadidae 12 0.498 1 2 4 0.166 0 0
Clupeidae 12 0.498 0 0 4 0.166 12 72
Cyclopteridae 12 0.498 1 2 4 0.166 1 6
Gadidae 12 0498 11,610 23,313 4 0.166 25,241 152,054
Hemitripteridae 12 0.498 12 24 4 0.166 2 12
Hexagrammidae 12 0.498 1 2 4 0.166 0 0
Osmeridae 12 0.498 22 44 4 0.166 3,707 22,331
Psychrolutidae 12 0.498 406 815 4 0.166 0 0
Salmonidae 12 0.498 287 576 4 0.166 185 1,114
Squid 12 0.498 1 2 4 0.166 7 42
Zaproridae 12 0.498 3 6 4 0.166 0 0
Total 12,345 24,789 29,155 175,633

ture-adult pink salmon, Chinook salmon,
and coho salmon were grouped with crested
sculpin, walleye pollock, and prowfish in
cluster C. Immature-adult Chinook salm-
on and coho salmon were indicative of the
Strait of Juan de Fuca, although this was
not significant for Chinook salmon. Imma-
ture-adult pink salmon were a nonsignifi-
cant indicator species of Icy Strait. Crested
sculpin and walleye pollock were moderate
indicator species of Montague Strait. Juve-

nile Chinook salmon were mostly associ-
ated with Pacific herring but also were as-
sociated with jacksmelt, northern anchovy,
Pacific pompano (also known as Pacific but-
terfish), and Pacific sardine in cluster D and
were moderate to strong indicators of San
Francisco Bay. Northern spearnose poacher,
wolf-eel, river lamprey, spiny dogfish, and
Pacific sand lance were grouped into clus-
ter A. Northern spearnose poacher, wolf-eel,
and river lamprey were moderate to strong
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Table 12. Diel catches of neritic fishes and squid by family group from repetitive rope trawl sampling at a
coastal locality in the western Gulf of Alaska in the Alaska Current, July 2001-2002. Total km? is the surface
area swept by the trawls. Total volume sampled (m®) = total km? X 108 X 9 m (for 2001) or 15 m (for 2002).

Day rope trawls
(0641-1933 hours)

Night rope trawls
(2230-0335 hours)

Total Total Total Catch per Total Total Total Catch per
Family hauls km? catch  km? hauls km?> catch  km?
Western Gulf of Alaska ( 59.536°N, 149.170°W ), July 26-27, 2001
Anoplopomatidae 4 0.779 75 96 2 0.381 11 29
Clupeidae 4 0.779 0 0 2 0381 3,700 9,711
Gadidae 4 0.779 0 0 2 0.381 500 1312
Salmonidae 4 0.779 315 404 2 0.381 48 126
Squalidae 4 0.779 77 99 2 0.381 44 115
Zaproridae 4 0.779 0 0 2 0.381 1 3
Total 467 599 4,304 11,297
Western Gulf of Alaska (59.699°N, 149.330°W), July 26, 2002

Ammodytidae 4 0.771 0 0 2 0.386 1 3
Clupeidae 4 0.771 12 16 2 0386 2205 5,712
Gadidae 4 0.771 1 1 2 0.386 67 174
Salmonidae 4 0.771 471 611 2 0.386 130 337
Scorpaenidae 4 0.771 1 1 2 0.386 0 0
Squalidae 4 0.7712,206 28,61 2 0386 1,554 4,026
Squid 4 0.771 0 0 2 0.386 5 13
Total 2,691 3,490 3,962 10,264

indicator species of Strait of Georgia. Spiny
dogfish was an indicator species of Queen
Charlotte Strait. Pacific sand lance was a
nonsignificant and weak indicator species of
Strait of Georgia. No species were indica-
tive of Puget Sound.

In the SF time period for the inshore hab-
itat, juvenile pink salmon, sockeye salmon,
chum salmon, coho salmon, and Chinook
salmon were associated with each other in
cluster D (Figure 16). Juvenile pink salmon
and sockeye salmon were indicator species
of Montague Strait. Juvenile chum salmon
and Chinook salmon were indicator species
of Puget Sound. Juvenile coho salmon were
an indicator species of Strait of Juan de Fuca.
Immature-adult Chinook salmon and coho
salmon were associated with Pacific herring

and to a lesser degree, with river lamprey and
spiny dogfish in cluster B. Immature-adult
Chinook salmon and coho salmon and Pacific
herring were significant indicator species of
Puget Sound. River lamprey and spiny dog-
fish were weak and nonsignificant indicator
species of Strait of Georgia and Queen Char-
lotte Strait, respectively. Immature-adult pink
salmon and chum salmon were grouped into
cluster C and were weak and nonsignificant
indicator species of Strait of Georgia. Crested
sculpin, walleye pollock, prowfish, and soft
sculpin were grouped into cluster A, indicat-
ing an Alaska Current regional group. Crest-
ed sculpin, walleye pollock, and prowfish
were moderate to strong indicator species of
Montague Strait. Soft sculpin were indicative
of Icy Strait.
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Figure 8. Examples of diel differences in total catch (left panels, wide bars) and juvenile salmon catch
(right panels, narrow bars) in the California Current (a) and in the Alaska Current (b and c) in neritic wa-
ters along the west coast of North America. California Current examples are from two coastal localities in
2002, one in June and another in August. Alaska Current examples are from one coastal locality in July
of 2001 and 2002, and one inshore locality in June-July and August-September 2001.

Nonmetric multidimensional scaling
ordination of the SS nekton community is
shown for two of the three axes in the three-
dimensional solution. In the coastal habitat,
the stress was high (22.0%), but instabil-
ity was good (0.00001). The ordination ex-
plained 59.2% of the total variation in the
data with axes 2 and 3 explaining 41.7% of
the variation. Latitude and depth were cor-

related with axis 2 (r = 0.531 and 0.803, re-
spectively), and temperature was correlated
with axis 3 (r = 0.269). Although the com-
munity patterns are not obvious, there is a
north to south distribution in the ordination
plot (Figure 17A). The species centroids
were overlaid primarily along axis 2 (Fig-
ure 17B). The three strongest correlations of
species to axis 2 were juvenile pink salmon
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Figure 9. Cluster groupings of coastal localities on average species abundances in spring—summer.
Dashed line indicates the 25% cutoff level for defining cluster groups. Localities groupings are identified
by A and B.
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Figure 10. Cluster groupings of coastal localities on average species abundances in summer—fall. Dashed
line indicates the 25% cutoff level for defining cluster groups. Localities groupings are identified by A
and B.
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Figure 11. Cluster groupings of inshore localities on average species abundances in spring-summer.
Dashed line indicates the 25% cutoff level for defining cluster groups. Localities groupings are identified
by A and B.
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Figure 12. Cluster groupings of inshore localities on average species abundances in summer—fall. Dashed
line indicates the 25% cutoff level for defining cluster groups. Localities groupings are identified by A
and B.
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Common name Locality Iv 100 . 5 . 50 . 25 . 0
Pacific sand lance EGOA 6 A
Sablefish WGOA 4 }B_'i
Steelhead (j) WA 9 E
Wolf-eel CA 6 .
Pacific tomcod CA 19 cli
Pacific sardine Svi 17 I .
Jack mackerel Svi 8 E
Pacific herring CA 14 ‘
Surf smelt WA 4 :|—| D .
Northern anchovy CA 10 | E
Market squid OR 20 H
Coho salmon (i/a) SVI 36 E .
Coho salmon (j) WA 18 :'_ E
Chinook salmon (i/a)  SVI 22 !
Chinook salmon (j) WA 30 :'_ \
Pink salmon (i/a) WGOA 38 E
Chum salmon (i/a) WGOA 49 2 | E
Sockeye salmon (i/a) WGOA 14 !
Walleye pollock WGOA 10 —— ;
Prowfish WGOA 18 — F i
Pink salmon (j) WGOA 28 '
Chum salmon (j) EGOA 20 :
Sockeye salmon (j) NVI 27 E
Spiny dogfish EGOA 21 :

Figure 13. Cluster groupings of species associations in spring—summer and coastal habitat. Dashed line
indicates the 35% cutoff level for defining cluster groups. Species groupings are identified by A-F. (j) in-
dicates juvenile and (i/a) indicates immature-adult. The locality that species are indicative of and species
maximum IV are listed. Maximum [V in bold represents significance at P < 0.05. CA = California, OR =
Oregon, WA = Washington, SVI = southwestern Vancouver Island, NVI = northwestern Vancouver Island,
EGOA = eastern Gulf of Alaska, and WGOA = western Gulf of Alaska.
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Information Remaining (%)

Common name Locality [\ 1(.)0 . 7.5 ) 5.0 ; 2.5 . 9
Wolf-eel EGOA 6 '
Pacific herring NVI 13 L
Chinook salmon () WA 13 M Al
. I !
Market squid OR 18 |
Jacksmelt CA 32 5
Medusafish CA 50 :I—hi i
Pacific tomcod CA 10 i
Sablefish EGOA 4 1 B
Pacific saury CA 2 ! :
Northern anchovy CA 11 i
Pacific sardine WA 17 :l I C !
Jack mackerel OR 9 ! i
Pink salmon (i/a) WGOA 32 :
Chum salmon (i/a) EGOA 23 jili i
Sockeye salmon (i/a) WGOA 19 D;
Walleye pollock WGOA 36 —] i
Prowfish WGOA 30 :
Pink salmon (j) WGOA 29 | !
Chum salmon (j) WGOA 35 !
Sockeye salmon (j) WGOA 40 | E,
Spiny dogfish EGOA 9 5
Coho salmon (i/a) SVi 12 |
Coho salmon (j) S 21 ] Fi
Chinook salmon (i/a)  SVI 12 — | '

Figure 14. Cluster groupings of species associations in summer—fall and coastal habitat. Dashed line
indicates the 35% cutoff level for defining cluster groups. Species groupings are identified by A-F. (j) in-
dicates juvenile and (i/a) indicates immature-adult. The locality that species are indicative of and species
maximum IV are listed. Maximum [V in bold represents significance at P < 0.05. CA = California, OR =
Oregon, WA = Washington, SVI = southwestern Vancouver Island, NVI = northwestern Vancouver Island,
EGOA = eastern Gulf of Alaska, and WGOA = western Gulf of Alaska.

(0.57), juvenile Chinook salmon (-0.52),
and juvenile sockeye salmon (0.50), and to
axis 3 were juvenile coho salmon (0.38),
market squid (—0.31), and juvenile chum
salmon (0.29). In the inshore habitat, the
stress was fair (12.4%) and instability was
good (0.00001). The ordination explained
91.0% of the variation in the data with axes
1 and 2 explaining 76.6% of the variation.
Latitude and depth were correlated with axis
1 (r = 0.895 and 0.603, respectively), and
temperature was negatively correlated with
axis 2 (r =-0.503). There is a north to south

distribution in the ordination plot (Figure
18A). Hauls clustered more tightly in the
San Francisco Bay locality than in other lo-
calities. Much of the variation in the species
centroids was associated with axis 1 (Fig-
ure 18B). The three strongest correlations
of species to axis 1 were Pacific herring
(-0.89), juvenile Chinook salmon (-0.72),
and jacksmelt (—0.67), and to axis 2 were ju-
venile coho salmon (-0.52), walleye pollock
(0.50), and river lamprey (—0.41). Ordina-
tion of SF in both coastal and inshore habi-
tats was not possible. For coastal habitat, the
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Common name Locality IVK.)0 ! 7.5 : 5.0 \ 2.5 L (.J
Northern spearnose poacher SOG 31 E
Wolf-eel SOG 33 ;
River lamprey SOG 58 :'4—|7 Al
Spiny dogdfish QCs 50 !
Pacific sand lance SOG 9 E
Pink salmon (j) MS 27 !
Chum salmon (j) QCSs 25 n_‘ ;
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Coho salmon (j) SOG 31 —I E
Crested sculpin MS 43 '
Pink salmon (i/a) IS 10 I
Chinook salmon (i/a) SJF 15 ] 5
Walleye pollock MS 37 b o
Coho salmon (i/a) SJF 26 i
Prowfish MS 62 ,
Jacksmelt SFB 67 ;
Northern anchovy SFB 58 ; :
Pacific butterfish SFB 48 i
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Figure 15. Cluster groupings of species associations in spring—summer and inshore habitat. Dashed line
indicates the 30% cutoff level for defining cluster groups. Species groupings are identified by A-D. (j) in-
dicates juvenile and (i/a) indicates immature-adult. The locality that species are indicative of and species
maximum IV are listed. Maximum [V in bold represents significance at P< 0.05. SFB = San Francisco Bay,
PS = Puget Sound, SJF = Strait of Juan de Fuca, SOG = Strait of Georgia, QCS = Queen Charlotte Strait,

IS = Iy Strait, and MS = Montague Strait.

hauls-by-species matrix required reshuffling
data too many times. This is likely because
the matrix did not have a sufficient amount
of abundance data. For inshore habitat, the
ordination stress exceeded a satisfactory
level and instability was low.

Discussion

Our study of epipelagic fish assemblages sup-
ports an ecosystem-based approach to man-
agement (EAM), the ocean resource manage-
ment paradigm that has recently emerged as
a primary mission goal of the U.S. National
Oceanic and Atmospheric Administration
(NOAA 2005). Attaining this goal will re-
quire inventories and comparisons of fish as-

semblages in marine ecosystems because it is
inherently difficult to estimate fish abundance
and to characterize and predict ecosystem
structure and function. Furthermore, an EAM
requires monitoring abundances of both non-
commercial and commercial species. Indices
of species composition can provide indicators
enabling researchers to assess changes in com-
munity structure or help managers respond ac-
cordingly to such changes (Mueter and Nor-
cross 2002). Fisheries managers are aware of
their responsibility to a community of species,
but regrettably are almost forced to consider
one species at a time because they frequently
lack a community framework needed to as-
sess a plethora of species information (Apol-
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Common name Locality [\ 1?0 ! 7.5 ! 5.0 ! 2.5 L ?
Crested sculpin MS 34 :
Walleye pollock MS 47 N | E
Prowfish MS 56 ' A
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Figure 16. Cluster groupings of species associations in summer—fall and inshore habitat. Dashed line
indicates the 30% cutoff level for defining cluster groups. Species groupings are identified by A-D. (j)
indicates juvenile and (i/a) indicates immature-adult. The locality that species are indicative of and spe-
cies maximum [V are listed. Maximum [V in bold represents significance at P< 0.05. PS = Puget Sound,
SJF = Strait of Juan de Fuca, SOG = Strait of Georgia, QCS = Queen Charlotte Strait, IS = Icy Strait, and

MS = Montague Strait.

lonio 1994). Characterizing fish assemblages
in different habitats along the ocean migration
routes of juvenile salmon helps provide a com-
munity framework for assessing interactions
among species, thereby enabling us to better
understand and model ecosystem dynamics
in support of an EAM.

This study identified distinct differences
in epipelagic fish assemblages associated with
juvenile salmon between the neritic waters of
the CC and those of the AC. Clupeids (i.e., Pa-
cific herring and Pacific sardines) and juvenile
salmonids were numerically dominant during
day catches in the CC and AC regions, respec-
tively. Other research within portions of the
CC and AC regions support these findings. In
the coastal waters of the northern CC region,
Brodeur et al. (2004) reported that dominant
species included Pacific herring, rockfishes,

and Pacific sardines, whereas juvenile salmon
represented only about 2% to 3% of the catch
in June and August. In a 5-year study off Wash-
ington and Oregon, Brodeur et al. (2005) also
found salmonids to represent a small fraction
of the pelagic nekton caught. Although salmon
occurred most frequently, pelagic schooling
nekton such as Pacific herring, Pacific sardine,
and northern anchovy comprised the bulk of
the catches. Based on acoustic and midwater
trawling operations in the coastal waters of the
CC, Mais (1974) reported overwhelming evi-
dence that northern anchovies were the domi-
nant species in terms of biomass. In inshore
waters of the CC, Beamish and McFarlane
(1999) indicated that Pacific hake Merluccius
productus and Pacific herring were dominant
fishes in the Strait of Georgia, with the abun-
dance of juvenile salmon substantially lower.
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Figure 17. Nonmetric multidimensional scaling ordination plot of hauls as sampling units in species
space for spring—summer time period and coastal habitat. Latitude (Lat) and depth (Depth) are shown as
vectors and labeled. Temperature is not visible on the plot. In the left plot (A), the locality where each haul
was collected from is represented by a symbol (1 = western Gulf of Alaska, 2 = eastern Gulf of Alaska,
3 = northwestern Vancouver Island, 4 = southwestern Vancouver Island, 5 = Washington, 6 = Oregon, 7
= California). In the right plot (B), hauls are plotted with an overlay of species weighted averages (anch
= northern anchovy, ChlA = immature-adult Chinook salmon, ChkJ = juvenile Chinook salmon, cmlA =
immature-adult chum salmon, chmJ = juvenile chum salmon, colA = immature-adult coho salmon, cohJ
= juvenile coho salmon, dogf = spiny dogfish, herr = Pacific herring, jack = jack mackerel, msqd = market
squid, pllk = walleye pollock, pnlA = immature-adult pink salmon, pnkJ = juvenile pink salmon, prow
= prowfish, sabl = sablefish, sand = Pacific sand lance, sard = Pacific sardine, sckd = juvenile sockeye
salmon, sklA = immature-adult sockeye salmon, sthd = juvenile steelhead, surf = surf smelt, tmed =

Pacific tomcod, wolf = wolf-eel).

In contrast, surface rope trawl surveys in the
coastal and inshore regions of the AC from
May to October have indicated that juvenile
salmon are the predominant catch component
in day sampling (Orsi et al. 2000).

The high abundance of clupeids and other
fishes associated with juvenile salmon in the
CC region compared to their abundance in
the AC region have implications for competi-
tive interactions in each region. Due to higher
associated fish densities in the CC region, in-
teractions among juvenile salmon species and
associated species are probably substantially
higher in the CC region than in the AC region.
Salmon species have often been divided into

two ecological groups: marine planktivores
(pink salmon, chum salmon, and sockeye
salmon) and marine piscivores (coho salmon
and Chinook salmon) (Mundy and Hollowed
2005; Brodeur et al. 2007, this volume). In
the current study, the relative abundance of
these two groups indicated that planktivo-
rous salmon species were highest in the AC
region, while one of the piscivorous species
(Chinook salmon) was highest in abundance
in the CC region. Because Pacific herring,
Pacific sardines, and northern anchovies for-
age at similar trophic levels as planktivorous
juvenile salmon, and to a lesser extent pisciv-
orous juvenile salmon, species interactions
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Figure 18. Nonmetric multidimensional scaling ordination plot of hauls as sampling units in species
space for spring—summer time period and inshore habitat. Latitude (Lat), depth (Depth), and temperature
(Temp) are shown as vectors and labeled. Temperature is not visible on the plot. In the left plot (A), the
locality where each haul was collected from is represented by a symbol (8 = Montague Strait, 9 = lcy
Strait, 10 = Queen Charlotte Strait, 11 = Strait of Georgia, 12 = Strait of Juan de Fuca, 13 = Puget Sound,
14 = San Francisco Bay). In the right plot (B), hauls are plotted with an overlay of species weighted aver-
ages (anch = northern anchovy, btrf = Pacific butterfish, ChlA = immature-adult Chinook salmon, ChkJ
= juvenile Chinook salmon, chmJ = juvenile chum salmon, colA = immature-adult coho salmon, cohJ =
juvenile coho salmon, cres = crested sculpin, dogf = spiny dogfish, herr = Pacific herring, jksm = jack-
smelt, lamp = river lamprey, pllk = walleye pollock, pnlA = immature-adult pink salmon, pnkJ = juvenile
pink salmon, prow = prowfish, sand = Pacific sand lance, sard = Pacific sardine, sckd = juvenile sockeye

salmon, spea = northern spearnose poacher, wolf = wolf-eel).

in the CC region may increase competition
for prey resources, which could affect growth
and survival among salmon species. Beamish
et al. (2001) suggested that because juvenile
Pacific herring and juvenile coho salmon eat
similar prey, competition with Pacific herring
could have affected survival under certain
ocean conditions. Salmon are diurnal preda-
tors, which would minimize foraging inter-
actions with other abundant species, such as
Pacific herring, that are more abundant in
epipelagic waters at night due to vertical diel
migrations (Blaxter and Holliday 1963). Dur-
ing nocturnal epipelagic sampling in the Co-
lumbia River plume in the CC from May to

July, Emmett et al. (2006) identified northern
anchovy, Pacific herring, whitebait smelt, and
Pacific sardine to be four important pelagic
forage fishes. Nocturnal epipelagic sampling
in the inshore waters of the AC from July to
August has also identified high abundances
of walleye pollock and eulachon Thaleichthys
pacificus (Orsi et al. 2004). The interactions
of juvenile salmon and associated species in
epipelagic waters are probably higher in the
CC than the AC and intensify in both regions
at night.

In the context of studying epipelagic ma-
rine ecosystems of the CC and AC regions, it
is important to recognize the dominant spe-
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cies in all areas of the water column, particu-
larly for those species that utilize epipelagic
waters at night. Stock assessment surveys
using bottom trawls, conducted off the west
coast of North America triennially by NMFS,
identified important species that undergo ver-
tical diel migrations from the demersal to the
epipelagic habitat. This survey information,
collected over the continental shelf and up-
per slope, overlies the sampling localities in
the CC and AC regions of this study. Studies
using this survey information have identified
principal demersal fish species in each region.
In the CC region off the coast of California,
Oregon, and Washington, Jay (1996) report-
ed that Pacific hake dominated assemblages
on the continental shelf and slope and sug-
gested that this species plays a large role in
the dynamics of demersal fish communities.
Pacific hake have also been described as an
important trophic link in the CC ecosystem
(Bailey et al. 1982). In the AC in the Gulf of
Alaska, Mueter and Norcross (2002) found
arrowtooth flounder Atheresthes stomias,
walleye pollock, Pacific cod Gadus mac-
rocephalus, and Pacific halibut Hippoglos-
sus stenolepis to be species with the highest
mean catch per unit effort (>1,500 kg/km?)
and FO (77-91%) over the continental shelf
and upper slope. Walleye pollock have been
characterized as an ecologically dominant
and economically important species in the
western Gulf of Alaska (Mundy and Hol-
lowed 2005). Both walleye pollock and Pa-
cific hake undergo vertical diel migrations
to surface waters at night (Bailey et al. 1982;
von Szalay 2003; Krutzikowsky and Em-
mett 2005). In the diel comparisons of this
study, both walleye pollock and Pacific hake
were more abundant at night. Therefore,
diel interactions of these dominant species
in each region are important considerations
in understanding ecosystem dynamics with
juvenile salmonids and other species in epi-
pelagic marine habitats.

141

The regional assemblages for the coastal
nekton determined by cluster analysis were
remarkably similar between the two seasonal
periods. Both analyses show a high similar-
ity in nekton between the eastern and western
Gulf of Alaska and, to a lesser extent, north-
west Vancouver Island. Southwest Vancouver
Island was consistently grouped with Wash-
ington, Oregon, and California, implying that
there is a transition in pelagic fauna occurring
somewhere along the west coast of Vancouver
Island. In the most complete analysis to date
of the zoogeographic patterns of fish species,
including both pelagic and demersal fishes,
Allen and Smith (1988) also found that the
boundary between the Aleutian and Orego-
nian provinces occurs off northern Vancouver
Island. In the inshore fauna, there were major
differences between the two northern locales
in Montague Strait and Icy Strait versus the
remaining areas starting inside of Vancouver
Island. Because of the large gap in sampling
between these two major assemblages (i.e.,
850 km), it was not possible to determine
whether any sharp zoogeographic disconti-
nuities exist. Also diminishing our ability to
identify discontinuities, we pooled several
years in our analysis and the ranges of mo-
bile pelagic species assemblages are likely to
change under different oceanographic condi-
tions (Brodeur et al. 2003, 2005).

In terms of coastal species assemblag-
es, we found some delineation of groupings
based on latitude and, to a lesser extent,
bottom depth. Chinook salmon and coho
salmon generally clustered together with
more southern species such as market squid,
northern anchovy, and surf smelt, although
Pacific herring, which had a broad distribu-
tion throughout the range we sampled, was
associated with juvenile Chinook salmon late
in the year. Sablefish, Pacific saury, Pacific
sardines, and northern anchovy (late sam-
pling only) were often associated with each
other as an offshore (as defined by bottom
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depth) and southern assemblage. These as-
semblages are similar to those found in earli-
er studies of the California Current (Brodeur
et al. 2004, 2005), although more intensive
sampling in these studies relative to the same
number of cluster groups enabled greater fine
scale spatial resolution in the assemblages.
In the northern region, pink salmon, chum
salmon, and sockeye salmon juveniles were
consistently grouped with spiny dogfish and
the immature-adult salmonids were grouped
with walleye pollock and prowfish. Pacific
sand lance was found in both regions in the
earlier (SS) seasonal period, which perhaps
resulted in this species being classified as its
own cluster and not a significant indicator of
any particular region.

The inshore assemblages also showed
some consistent patterns. Generally, all juve-
nile salmon clustered together in SS and SF
seasonal periods with the exception of Chi-
nook salmon in the earlier (SS) period, which
were grouped with a number of small pelagic
fishes and particularly with Pacific herring.
Spiny dogfish, walleye pollock, and other
potential predators were not associated with
juvenile salmon in inshore regions, although
they were often associated with immature-
adult salmonids.

In our ordination analysis, latitude and
bottom depth were correlated with stations.
In the coastal habitat, this may be because the
survey area in northern Gulf of Alaska is ori-
ented from east to west, whereas from south-
eastern Alaska to California, the survey area
18 oriented from north to south. In addition,
stations over the continental shelf in Gulf
of Alaska were generally deeper than those
to the south. A similar trend is observed in
the inshore habitat. Montague Strait and Icy
Strait are in Alaska, whereas other inshore
localities are to the south. The correlation of
temperature along axis 2 of the inshore lo-
calities may be due to smaller-scale differ-
ences in freshwater and marine input in the
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different regions. Additional environmental
parameters were not available for all hauls to
examine whether another environmental vari-
able better explains the community structure
of epipelagic nekton.

Several potential predators of juvenile
salmon were identified in the assemblages of
both the CC and the AC regions. One abun-
dant predator species found in both regions
was the spiny dogfish. This species had high
frequencies of occurrence and density in each
current system, particularly in coastal waters.
Spiny dogfish are known to be predators of
juvenile salmon (Larkin 1977; Beacham
1991; Beamish et al. 1992; Orsi et al. 2000)
and are characterized as having a ubiquitous
and abundant distribution in the North Pacific
Ocean from California to Alaska (McFarlane
and King 2003). Immature and adult salmon
are other predatory species that occurred in
low abundance in our samples from both re-
gions. Active commercial salmon fisheries in
both regions suggest that abundances are ac-
tually higher than our results indicate, prob-
ably due to gear selectivity or differences in
fishing localities. Aggregations of maturing
salmonids are generally harvested closer to
shore or inland with seines, troll gear, or gill
nets rather than the surface trawls that we
fished in more offshore waters. Other stud-
ies have documented additional predator
species, for example, Pacific chub mackerel
Scomber japonicus off the coast of southern
Vancouver Island (NRC 1996), river lamprey
in the Strait of Georgia (Beamish and Nev-
ille 1995), Pacific hake, jack mackerel, Pa-
cific mackerel, and spiny dogfish from May
to July off the Columbia River plume (Em-
mett et al. 2006). In Barkley Sound, Beacham
(1991) found Pacific hake to be the most im-
portant predator on juvenile salmon. Walleye
pollock, particularly abundant in inshore wa-
ters in the AC, have also been identified as
a juvenile salmon predator in Barkley Sound
(Beacham 1991). In Prince William Sound,
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Willette et al. (2001) suggested that observed
trends in salmon survival could be explained
by walleye pollock predation when their alter-
nate prey of copepods was low. In southeast-
ern Alaska, Armstrong and Winslow (1968)
found walleye pollock to feed on juvenile
pink salmon, chum salmon, and coho salmon
during darkness, and in coastal and inshore
areas of the AC. Orsi et al. (2000) found that
immature sablefish, adult coho salmon, Pa-
cific sandfish, and spiny dogfish preyed on
juvenile salmon.

Diel comparisons in this study indicated
dramatic increases in total catch at night in
both the CC and AC, but no consistent dif-
ferences for juvenile salmon. This result is
principally due to two factors, species verti-
cally migrating to epipelagic waters at night
(as previously discussed) and increased vul-
nerability of most species to capture at night
in the trawl (Wardle 1986). Other studies
using epipelagic trawls have indicated noc-
turnal increases in small pelagic species and
predatory species co-occurring with juvenile
salmon in the coastal waters of the CC (Em-
mett et al. 2004; Krutzikowsky and Emmett
2005) and the inshore waters of the AC (Orsi
et al. 2004).

Because juvenile salmon are daylight
predators, opportunities for foraging interac-
tions with other abundant species that undergo
vertical diel migrations would be minimized
during daylight at the surface. In addition, rel-
atively longer summer day lengths in north-
ern latitudes of the AC compared to the CC
would increase the effective foraging time
for juvenile salmon and decrease potential
interaction times with nocturnal predators or
competitors. For example, at the approximate
mid-latitude positions of data collections in
the AC (60°N) and CC (45°N) regions, day
length in mid-June is 3 h longer in the AC
(18.4 h) than in the CC region (15.4 h). The
extended day length in summer, coupled with
relatively low abundances of co-occurring
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species in the AC region, gives juvenile salm-
on in the AC a relatively longer opportunity
to forage with reduced competition and pre-
dation risk at night.

Each day and night comparison in this
study was conducted with the same vessel and
trawl gear and at the same locality within an
approximate 24-h period. Using these criteria
minimized potential bias in catch resulting
from differential gear or vessel efficiency and
any temporal effects due to sampling several
days later at the same locality. The latter is
particularly important because the water mass
sampled at a ground-relative position may
change drastically in time due to transport or
surface currents. For example, within 35 km
of the coast in the AC region, the speed of the
Alaska Coastal Current can range from 17 to
138 km/d (20-160 cm/s; Mundy and Olsson
2005). In addition to large temporal variation
in current velocities over the short term, fish
concentrations can also be mobile through
time. Using a new instantaneous continen-
tal shelf-scale imaging technique, Makris et
al. (2006) revealed that within a 24-h peri-
od, fish shoals in continental shelf environ-
ments dramatically change their day-to-night
migrations, both vertically and horizontally.
Observations in this study validated dramatic
nocturnal shifts in species assemblages within
24-h periods. Consequently, future studies on
epipelagic fish assemblage dynamics should
continue to partition out day and night sam-
pling periods, and diel studies should restrict
sampling to the same locality within as near a
24-h period as possible.

Fish density estimates made during day
sampling were assumed to represent inte-
grated species compositions and densities in
epipelagic communities in neritic waters, de-
spite some variability in trawl dimensionality.
The average footrope depths of the different
trawls varied from 11 to 18 m, and data from
a shallower (3 m) trawl was used exclusively
in one locality and time period in the CC (i.e.,
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San Francisco Bay in SF). It is probable that
the fish catches from the shallower trawls,
particularly the 3-m trawl, yielded relatively
higher densities of more surface-oriented
species. Conversely, it is possible that some
epipelagic species, like juvenile salmon, were
not fully represented in trawls fishing even
the deepest footrope depths. One study using
depth-stratified trawls off the Columbia River
plume found that the vertical distribution of
juvenile salmon and other associated species
was primarily within the upper 12 m of the
water column (Emmett et al. 2004). However,
based on surface trawls fished at differential
depths in the Strait of Georgia, Beamish et
al. (2000) found that 37% of juvenile coho
salmon were distributed below 15 m. Addi-
tionally, in a study using troll gear in coastal
and inshore marine waters of southeastern
Alaska in September, Orsi and Wertheimer
(1995) found 11% of juvenile coho salmon
and 22% of juvenile Chinook salmon deeper
than 30 m. Several assumptions in this study
may have influenced the outcome of the re-
sults. The main sources of error stem from the
different trawl types used and the respective
fishing practices employed. Because trawl
openings, speed, and surface orientation dif-
fered among studies, the assumption that the
area or volume sampled by one trawl and ves-
sel combination was directly comparable to
another may be questionable. In a study com-
paring species assemblages using different
trawls and vessels, Jay (1996) noted that even
with constant trawl durations, the distance
towed and area sampled may vary among
hauls due to variable fishing conditions and
vessel specifications. Similarly, Mueter and
Norcross (2002) suggested that difference
among trawl types may have biased some of
their results. Trawl tow speed could influence
capture rate of faster-swimming species dur-
ing day sampling, for example, Emmett et al.
(2006) noted that large predatory fishes such
as adult salmon avoided the surface trawl
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during the day at speeds of 1.5 m/s. Thus,
faster tow speeds would be more effective in
capturing larger pelagic predators during day,
and faster tow speeds at night may be the best
combination to effectively capture larger pe-
lagic predators. Another important factor po-
tentially biasing trawl catches is fishing prox-
imity to the surface. Trawls with headropes
improperly buoyed, or fished in rough sea
states, will not effectively sample the near-
surface layer and therefore underrepresent
catches of surface-oriented species.

The prevalence of some surface-oriented
species is almost certainly related to envi-
ronmental factors to a significant degree,
for example, regional differences in surface
(2-4 m) temperatures in the CC and the AC
regions. Average SS and SF temperatures
in coastal localities were cooler in the CC
(12.0-12.2°C) than in the AC (12.8-13.3°C).
Within the northeast Pacific Ocean, the CC
region is within a Coastal Upwelling Domain
and the AC region within the Coastal Down-
welling Domain (Ware and McFarlane 1989;
Ware and Thomson 2005) (i.e., CC localities
were within cooler upwelled waters). How-
ever, at inshore localities relatively cooler av-
erage SS and SF temperatures occurred in the
AC (11.6-12.2°C) compared to the CC (12.1-
14.4°C) region. The cooler temperatures in
the inshore waters of the AC may be due to
several factors (e.g., discharge from tidewater
and terrestrial glaciers, reduced solar radia-
tion due to cloud cover, and relatively greater
snow pack in the coastal mountain range).
These factors, when coupled with rainfall in
the region, which can amount to 2—-6 m per
year (Weingartner et al. 2005), result in an
abundant supply of cold, freshwater that in-
creases through summer and peaks in the fall
(Royer 2005) and drives the Alaska Coastal
Current, a low-salinity feature within the AC.
This may explain why the average water tem-
peratures were coldest in the inshore waters
of the AC, particularly in SS, which gener-
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ally was associated with the highest densities
of juvenile pink salmon, chum salmon, and
sockeye salmon.

This study describes the principal epipe-
lagic fish assemblages associated with juve-
nile salmon in neritic waters of the CC and
the AC for the 5-year period 2000-2004. The
information summarized did not lend itself
to interannual comparisons because not all
years or seasons were sampled in each re-
gion. Other studies of neritic communities
examined temporal patterns and found that
annual differences in species composition
and abundance do exist, possibly as a result
of climate change (Beamish and Bouillon
1993; Emmett and Brodeur 2000; Brodeur
et al. 2005). This study examined spatial
patterns of abundance of epipelagic fish as-
semblages associated with juvenile salmon as
they migrate seasonally through inshore and
coastal habitats. Juvenile salmon are surface
oriented and are known to spend their first
summer of marine life in coastal waters (My-
ers et al. 2000) where they appear to orient
to circulation features during their migratory
ocean life history as opposed to species like
Pacific herring that have more localized dis-
tributions and utilize diel vertical movement
as a foraging strategy (Blaxter and Holliday
1963; Ware and Thomson 2005).

Future studies of epipelagic fish assem-
blages in marine ecosystems should incorpo-
rate species size data and a more complete
description of their seasonal habitat utiliza-
tion patterns. If consistent species size data
had been available in this study, then esti-
mates could have been made of species-spe-
cific biomass by region. Biomass estimates of
species should also include the large gelati-
nous taxa that can be a substantial component
of the biomass in the surface trawl catches
(Suchman and Brodeur 2005). Quantifying
large gelatinous taxa would also enable net
efficiency to be evaluated as large catches of
jellyfish are thought to reduce the effective-
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ness of the trawl. Future studies of epipelagic
fish assemblages also need finer temporal res-
olution within years to detect possible shifts
in seasonal abundance; these shifts are likely
to be the first consequence of climate change
or localized warming. In addition to finer res-
olution sampling in critical periods, there is
also a need for extended seasonal sampling.
Our sampling of assemblages only covered
half the year (May—October), therefore, year-
round residence patterns of epipelagic species
in neritic waters could not be evaluated. Last,
our study had complete life history informa-
tion for only salmonids; future studies should
incorporate complete life history information
for all species.

Our results show that during daytime
juvenile salmon are more numerous in epi-
pelagic waters of the AC than the CC region
and have the most widespread distribution
of any species group in both regions but be-
come a relatively minor component of the
catch at night in both regions due to dramat-
ic diel increases in abundance of vertically
migrating species. Therefore, interactions
of juvenile salmon with associated species
are lowest during daytime. Additional study
is needed to clarify the nature and extent of
diel interactions of juvenile salmon and as-
sociated species.
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